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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily mem-
bers of the Institute. The standards developed within IEEE represent
.a.consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE which have expressed an in-
terest in participating in the development of the standard.

Use of an [EEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to pro-
duce, test, measure, purchase, market, or provide other goods and ser-
vices related to the scope of the IEEE Standard. Furthermore, the view-
point expressed at the time a standard is approved and issued is subject
to change brought about through developments in the state of the art
and comments received from users of the standard. Every IEEE Stan-
dard is subjected to review at least once every five years for revision
or reaffirmation. When a document is more than five years old, and has
not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of
the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE. Sug-
gestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the mean-
ing of portions of standards as they relate to specific applications. When
the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since
IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the con-
currence of a balance of interests. For this reason IEEE and the mem-
bers of its technical committees are not able to provide an instant re-
sponse to interpretation requests except in those cases where the matter
has previously received formal consideration. ~

Comments on standards and requests for interpretations should be ad-
dressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

~
(This Foreword is not a part of IEEE Std 113-1985, IEEE Guide: Test Procedures for Direct-Current Machines.)
This standard is a revision of IEEE Std 113-1973, Test Code for Direct-Current Machines. A title
.. change has been incorporated into the revision to be similar to other standards of this type. The title is
now IEEE Guide: Test Procedures for Direct-Current Machines.
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IEEE Guide: Test Procedures for
Direct-Current Machines

WARNING: Because of the dan-
gerous current, voltages, and forces
encountered, adequate safety precau-
tions should be taken in all tests to
avoid damage to equipment and injury
to personnel. No attempt is made here to
list or review the manifold general
safety precautions which are well estab-
lished throughout the industry. How-
ever, these test procedures do recom-
mend special safety precautions appli-
cable to the particular test described. All
tests should be performed by knowl-
edgeable and experienced personnel.

The IEEE working group and commit-
tee members having voluntarily devoted
time and knowledge to benefit the elec-
trical industry in creating and revising
this specification, disclaim all respon-
stbility for its use and application.

1. Scope

These test procedures include recommenda-
tions for conducting and reporting generally
acceptable tests to determine the performance
characteristics of conventional direct-current
machines. The tests are in two categories as
described in 1.1 and 1.2

1.1 Tests of Direct-Current Motors and Gener-
ators Designed for Essentially Ripple-Free
Operation. For operation to be classed as ripple-
free in accordance with this test procedure, the
peak-to-peak value of the alternating component
of the current shall be less than 6%, or the rms
value less than 2%, of the rated current of the
test machine at any of the test conditions pro-
vided that the lowest alternating frequency com-
ponent of the current is 50 Hz or greater.

1.2 Tests of Direct-Current Motors Designed
for Use with Rectifier Power Supplies. When a
test procedure applies to a dc motor supplied
with rectified power not meeting the essentially
ripple-free criteria of 1.1, the procedure will be
identified by the following opening statement:
“On rectified power . . .”

A brief bibliography of technical papers relat-
ing to the operation of dc motors on rectified
power is located in Section 8.

1.3 Other Test Procedures. It is recognized that
there may be test procedures other than those
described herein. When more than one procedure
can be used, local conditions and the degree of
precision desired will determine the procedure to
be used. This guide shall not be interpreted or
construed as requiring the performance of any or
all of the tests herein, in any given transaction.

1.4 References

[1] ANSI C63.4-1981, American National Standard
Methods of Measurement of Radio-Noise Emis-
sions from Low-Voltage, Electrical and Electronic
Equipment in the Range of 10 kHz to 1 GHz.!

[2] ANSI/IEEE Std 4-1978, IEEE Standard Tech-
niques for High-Voltage Testing?

[3] ANSI/IEEE Std 43-1974 (R 1981), IEEE Rec-
ommended Practice for Testing Insulation Resist-
ance of Rotating Machinery.

[4] ANSI/IEEE Std 100-1984, IEEE Standard Dic-
tionary of Electrical and Electronics Terms.

[6] ANSI/NEMA MG1-1978, Motors and Gener-
ators?

[6] IEEE Std 85-1973 (R 1980), IEEE Standard
Test Procedure for Airborne Sound Measure-
ments on Rotating Electric Machinery.

[7]1 IEEE Std 118-1978, IEEE Standard Test Code
for Resistance Measurement.

{8] IEEE Std 119-1974, IEEE Recommended
Practice for General Principles of Temperature
Measurement as Applied to Electrical Apparatus.

1 ANSI documents are available from the Sales Department,
American National Standards Institute, 1430 Broadway, New
York, NY 10018.

2 JEEE documents are available from IEEE Service Center,
445 Hoes Lane, Piscataway, NJ 08854.

3 NEMA documents are available from the National Electrical
Manufactures Association, 2101 L Street, NW Washington, DC
20037.

Documents

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:05:54 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 113-1985


http://www.avadocuments.com/doc/ieee-113-1985
http://www.avadocuments.com/doc/ieee-113-1985

IEEE
Std 113-1985

2. Tests

2.1 General. The tests in this guide used to
check the performance. of direct-current machines
are ‘divided into four general categories:

(1) Preliminary tests (see Section 4) .

(2) Performance determination tests (see Sec-
tion 5)

(3) Temperature test (see Section 6)

(4) Miscellaneous tests (see Section 7)

The preliminary tests include not only those
tests incorporated in the group of static tests
(see 2.1D), but, in addition, those tests usually
conducted before the performance determination
test can or should be undertaken. The perform-
ance determination tests and temperature test
are those usually made to determine the perform-
ance of a direct-current machine. Miscellaneous
tests are often undertaken to provide additional
information pertaining to a specific dc machine.

Direct-current machines are usually tested at
the point of manufacture (see 4.1.1). Certain tests
from each of the four general categories are fre-
quently incorporated into three groups of tests to
serve as a guide, but these three groups do not
necessarily constitute standard tests.

2.1.1 Static Test. The static test usually
includes:

(1) Resistance measurement of windings (4.2)

(2) Air gap measurements (4.3)

(3) Polarity and impedance drop of shunt-field
coils (44)

(4) Electrical resistance of insulation (cold) (4.7)

(5) High-potential test (4.8)

2.1.2 Complete Test. See Form A. The com-
plete test usually includes the static test (see
2.1.1) and the following tests:

(1) Vibration (4.5)

(2) Magnetic saturation (5.1)

(3) Commutation (5.2)

(4) Regulation (5.3)

(5) Efficiency and Losses (54), (5.5), (5.6)

(6) Temperature tests (6)

2.1.3 Routine Test. Routine tests are often
listed in a specific standard applying to a par-
ticular type or size of dc machine. See Form B.

2.2 Alternative Methods. For many of the tests,
alternative methods are described that are appro-
priate for the different size and types of direct-
current machines and for the different conditions
encountered during the test. In some cases, the
preferred test method is indicated.

IEEE GUIDE: TEST PROCEDURES

3. Electrical Measurements
and Power Sources
- for All Test Procedures

3.1 Instrument Selection Factors. Either ana-
log or digital-type instruments may be used in
testing. Factors affecting accuracy, particularly
with nonelectronic, analog instruments are: load-
ing of the signal source, lead calibration, and the
range, condition, and calibration of the instru-
ment. Since instrument accuracy is generally
expressed as a percent of full scale, the range of
the instrument chosen should be as low as prac-
tical. The instrument should bear record of
recent calibration and if extreme importance is
attached to the test results the instrument should
be calibrated immediately before and after the
completion of the test procedure. When several
instruments are connected in the circuit simulta-
neously, additional corrections of the instrument
indication may be required.

Electronic instruments are generally more ver-
satile and have much higher input impedances
than passive (nonelectronic) types. Higher input
impedance reduces the need to make corrections
for the current drawn by the instrument. How-
ever, high input impedance instruments are more
susceptible to noise. Common sources of noise
are: inductive or electrostatic coupling of signal
leads to power systems, common impedance cou-
pling, or ground loops, inadequate common-mode
rejection, and conducted interference from the
power line. Good practice requires the use of
shielded twisted pairs for signal leads, grounding
of the shield at only one point, and keeping sig-
nal cables as far away as possible from power,
cables. All exposed metal parts of these instru-
ments should be grounded for safety. Instrument
calibration requirements are similar to those of
nonelectronic instruments.

When suitable automatic data-acquisition sys-
tems or high-speed recorders are available they
may be used provided they are suitable for the
pulsating nature of the signals arising from oper-
ation on rectifier power supplies.

3.1.1 On rectified power, the average or dc val-
ues of armature and field voltages and current
can be measured using permanent-magnet mov-
ing-coil (d'Arsonval) type instruments, or other
instruments, including digital instrumentation
known to provide true average readings. Root-
mean-square values can be measured with elec-
trodynamometer-type, iron-vane-type, or other
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FOR DIRECT-CURRENT MACHINES

instrument types including digitaJA instrumenta-
tion known to provide true rms readings. Alter-

nating-current instruments of the type using

rectifiers so as to sense only a portion of the
voltage or current signal and instruments which
are - calibrated based -on ‘the- assumption of a
sinusoidal wave shape should not be used.
Oscilloscope observations of the voltage and cur-
rent signals are recommended to ensure that the
waveforms are of the shapes to be expected.
Suitably low-inductance current transducers and
shielded leads should be used to minimize signal
distortion and eliminate extraneous voltages.

3.1.2 The ac component of the armature and
field voltages and current can be measured sepa-
rately using suitable instrumentation and com-
bined with the average value to yield the rms
value of the variable. For example, the compo-
nent values of the armature current are interre-
lated:

Tons = Vg + 1,7
where

I, = rms value of the current

I4. = average value of the current

I,. =rms value of the ac component of the
current

If a current transformer is used to block the dc
component of the current, it should be of suffi-
cient size to avoid magnetic saturation resulting
from the direct current passing through the pri-
mary winding. If a dc bias winding is used to
avoid magnetic saturation of the transformer,
means should be taken to restrict ac ampere
turns in the bias winding to less than 2% of the
ac ampere turns in the primary windings. The
magnitude, wave shape, and phase relationship of
the secondary current should be observed with
an oscilloscope and compared with the primary
current.

If a capacitor is used to block the dc compo-
nent of voltage, it should be of sufficient size so
that the ac voltage drop across the capacitor is
less than 2% of the ac component of the voitage
measured.

3.2 Voltage Measurement. Machine voltage
measurements should be taken with the signal
leads connected to the machine terminals. If
local conditions will not permit such connec-
tions, the error introduced should be evaluated
and the readings corrected.

IEEE
Std 113-1985

Tests should be made at as near rated voltage
as practical. If terminal voltage is slightly differ-
ent from rated voltage, this difference shall be
taken into account and corrections made in cal-
culating machine characteristics.

On rectified power, the input ac voltage to the
rectifier should be the specified value, +2%, —0%.

3.3 Current Measurement. Where the current
to be measured is within the range of available
ammeters, an ammeter may be inserted directly .
into the circuit. Current transducers are used
when the range of available ammeters is
exceeded. Also, isolation amplifiers may be used
for safety purposes and to be compatible with
other instrumentation. In all cases, the imped-
ance of the ammeter or transducer shall not
appreciably affect the characteristics of the
machine or the circuit tested.

The current required by all protective devices
used during the test shall not appreciably affect
the test results. This guide recommends that
these devices be so connected that a minimum of
correction is necessary.

On rectified power, the rms value of the arma-
ture current or the ac component of the arma-
ture current, or both, should be measured.

3.4 Power Measurement. Electric power
(watts) is usually computed as the time average
of the instantaneous product of voltage and cur-
rent. A direct-reading wattmeter may be used. If
very high accuracy is required, corrections
should be made for power loss in instruments,
test connections, and protective devices.

If a calibrated driving motor or cradled dyna-
mometer or torquemeter is used in loss measure-
ments it should preferably be of such a size that
it is loaded to at least one-third of its rating
when losses for rated load are measured.

3.4.1 Input Armature-Circuit Power. On rec-
tified power, input armature-circuit power may
be measured directly using a true-reading watt-
meter or other measurement means wherein the
instantaneous product of voltage and current is
time averaged. Alternatively, the dc and ac power
components may be measured separately as
described in (1) and (2) below and added
together.

(1) The dc component of armature circuit
power input is the product of the average input
armature circuit voltage and current as measured
with average-reading instruments.

(2) The ac component of the armature cir-
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cuit power input is the average value of the prod-
uct of the instantaneous ac components of the
armature circuit voltage and current. It may be
measured by blocking the dc component of
either the voltage or current signals passing to
‘the power measurement-means. The precautions
described in 3.1.2 relating to the fidelity of volt-
age and current signals apply to these signals at
the power measurement means. In addition, it
should be determined by simultaneous oscillo-
scope observations that the current and voltage
signals are repetitive and precise in their phase
relationship.

3.4.2 Input Shunt-Field Power. The input
shunt-field power can usually be taken with suffi-
cient accuracy as the product of the average
shunt-field voltage and current. If the shunt-field
current is not ripple-free as defined in 11 the
shunt-field power shall be calculated as the prod-
uct of the square of the rms value of the shunt-
field current and the dc resistance.

3.5 Power Sources

3.5.1 Direct-Current Supply. The power sup-
ply should be such that a minimum of adjust-
ment is necessary during the time test readings
are taken. In general, it should be of sufficient
size and in such a condition that its operation
does not influence the machine under test. The
.power supply should be essentially ripple-free as
defined in L1

3.5.2 Rectified Alternating Current Supply.
Performance and conformance tests on dc
motors intended for service with rectifiers should
be conducted using a power supply of the type
resulting in the amount and frequency of current
ripple for which the motor is designed. The volt-
age and current waveforms should be of the
expected shapes and free from disturbances and
instabilities. The difference between the highest
and lowest peak amplitudes of the current pulses
over one cycle of the fundamental frequency
should not exceed 2% of the highest pulse ampli-
tude. Significant rectifier parameters regarding
armature current ripple are: number of phases
and circuitry, input ac voltage and frequency, and
armature circuit inductance and resistance. In
the absence of rectifier facilities meeting these
requirements, and when so noted on the test data
record, an armature circuit power supply provid-
ing the same frequency but more current ripple
than expected in service may be used and the
ripple restricted to the rated value using a
smoothing choke.

10

»

IEEE GUIDE: TEST PROCEDURES

When so noted on the test-data record, a direct
current power supply having a low-ripple voltage
content, such as a dc generator, may be used to
supply the shuntfield circuit power during tests
using a rectifier to supply the motor armature
circuit. -

An indication of motor heating can be obtained
from tests using dc armature power having a
low-ripple content, such as a dc generator, by
maintaining the armature current at the antici-
pated rms value in rectifier service. However, it
should be recognized that machine temperatures
may be higher in actual rectifier service, par-
ticularly in the case of enclosed machines. Such
tests do not measure commutation performance.
A low-ripple dc supply may also be used in con-
ducting loss separation tests and in taking com-
parative heating and commutation tests.

4, Preliminary Tests

4.1 Reference Conditions

4.1.1 Location for Tests. Tests are usually
made at the plant of the manufacturer, unless an
otherwise mutually agreed upon location is
established.

4.1.2 Ambient Air. Unless otherwise agreed
upon, the surrounding air temperature should be
between 10 °C and 40 °C, and the altitude should
not exceed 1000 m (3300 ft). The procedure to be
followed in the measurement of ambient temper-
ature is given in IEEE Std 119-1974 [8}%

4.1.3 Terminal Markings. Terminal markings
should be in accordance with ANSI/NEMA
MG1-1978 [5]. However, the manufacturers’ dia-
gram of connections should be the authority for
checking terminal markings and polarities.

4.1.4 Direction of Rotation. When the direc-
tion of rotation is not specified, motors shall be
tested with counterclockwise rotation and gener-
ators with clockwise rotation, when viewed from
the commutator end.

4.1.5 Test Machine Rating. In these test pro-
cedures by rated load is meant rated load cur-
rent.

4.2 Winding Resistance Measurements. The
resistance of the machine windings is determined
so as to check the completed winding connec-

4 Numbers in brackets correspond to those of the references
in 14 of this standard.
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FOR DIRECT-CURRENT MACHINES

tion, to calculate the I?R loss, and to establish a
reference resistance at a reference temperature
to be used in the determination of the average
temperature of the winding. (For the last of these
purposes a portion of the winding may be used
. rather than the complete winding. See-6.3.1.2).

Resistance measurement should be made as
outlined in IEEE Std 118-1978 {7]. The average
temperature of the winding should be recorded
at the time the cold resistance is measured. The
temperature of the surrounding air shall not be
regarded as the temperature of the windings,
unless the machine has been standing idle under
constant temperature conditions for a consider-
able period of time. Extreme care should be
taken to secure accurate cold resistance meas-
urements since a small error in measuring resist-
ance will cause a comparatively large error in
determining the temperature.

4.2.1 Temperature Correction of Winding
Resistances. The equation to be used to correct
the measured cold resistance to a common tem-
perature standard such as 25 °C is:

- k + )
R = R &k + t)
where
R, = resistance of winding (ohms) measured

at cold temperature standard ¢, (°C)

R, = resistance of winding (ohms) measured
at temperature ¢, (°C)
k = 234.5 for copper

225 for aluminum (EC grade based on a
volume conductivity of 62%)

4.2.2 Method of Resistance Measurement.
The bridge method is the preferred method. The
voltage-drop method may be used as an alternate
method.

4.2.2.1 Shunt-Field-Circuit Windings. The
cold resistance of the shunt field shall be deter-
mined at the terminals of the shunt field with
proper connections excluding all external resist-
ances.

4.2.2.2 Armature-Circuit-Winding Resist-
ances. The armature-circuit-winding resistance
comprises the sum of the various components
(excluding brush and brush-contact resistance)
connected in accordance with the winding dia-
gram of the machine. This summation should be
made only after each resistance component has
been corrected to a common temperature. These
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components are measured as indicated below:

(1) Armature Winding

(a) Method A. This method is limited to
wave-wound armatures including all two-pole
rotor windings. For other winding types, or if the
winding type is not known, Methods B or C given
below should be used.

Using this method, the armature resistance can
be determined by applying a resistance bridge
across two commutator segments as near as pos-
sible to one pole pitch apart. In the case of sim-
plex, two-pole rotor windings having an odd
number of segments, one bridge contact should
cover two adjacent segments. In the case of
duplex windings, each bridge contact shall cover
two adjacent segments.

(b) Method B (Preferred). A suitable low-
resistance harness should be connected to the
rotor winding either at the risers or end clips or
on the commutator segments so as to contact the
rotor winding at each brush location. For a sim-
plex winding the harness should contact one
commutator segment per pole spaced one pole
pitch apart. In the case of nonintegral spacing,
the contact may be made to two adjacent com-
mutator segments simultaneously. For a duplex
rotor winding the harness should contact two
adjacent commutator segments simultaneously at
each brush position. In case the rotor winding
type is not known, a close approximation to the
winding resistance may be attained by connect-
ing the harness as described for a duplex wind-
ing or Method C may be applied.

The resistance measured by connecting the
bridge between the terminal legs of this harness
simulating the positive and negative brushes is
considered as the rotor winding resistance. Care
shall be taken to reduce the contact resistance to
a negligibly low value.

(c) Method C (Alternate). This is the volt-
age-drop method of measuring the armature
resistance. The brush rigging should be properly
assembled. The brush fit should be good (see
4.6.1). The rotor should be suitably blocked to
prevent rotation. The brush rigging should be
used as the current connection and the potential
drop measured as follows: The two potential
leads should be applied to the commutator seg-
ments approximately one pole pitch apart. These
leads should be located on segments as near the
center of the brush contact surface as possible.
The potential leads should be shifted and read-
ings recorded for each pole pitch. The current
shall be maintained constant for all of these
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measurements. The current should not exceed
10% of the rated value. The resistances shall be
computed from the average of all of the poten-
tial-drop readings and the circulating current.
Usually this will give a lower value of resistance
than the value measured using Methods A or B.

CAUTION: The current and the time it is
applied shall be limited to prevent damage to
the commutator due to local heating from this
circulating current.

(2) Commutating-Field Winding. On uncom-
pensated machines, the resistance of this winding
may be measured directly at its terminals. If one
end of the winding is permanently connected to
the brush rigging, the commutating field resist-
ance should be measured between this point and
the outside terminal. On machines that are com-
pensated, this winding may be interleaved with
the compensating-field winding (pole-face wind-
ing). In such designs the combined resistance of
these two windings should be measured.

If the windings are split and located elec-
trically on opposite sides of the armature or
arranged in some other manner, the resistance of
each winding component should be measured
individually.

(3) Compensating-Field Windings. If separate
from commutatingfield windings, the resistance
should be measured at the terminals of this
winding.

(4) Series-Field Windings. The resistance
should be measured at the terminals of all dis-
tinct windings. If the winding is permanently con-
nected to one of the other stationary windings
and with only one distinct connection strap
between the two windings, the seriesfield resist-
ance should be measured between the terminal
and this distinct connection strap. If the series-
field winding is interleaved, or does not have a
distinct connection between windings, then its
resistance should be measured in combination
with the other stator windings to which it is
interconnected.

(5) Shunts. The resistance of any shunts con-
nected in parallel with the machine windings
should be measured at the cable terminals of the
shunt. The shunts shall be disconnected from the
windings when measuring the winding and shunt
resistances. The windings shunted by these vari-
ous resistors should be identified with the resist-
ance of the shunts.

(6) Auxiliary Windings and Associated Series
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Resistors. The resistance of all auxiliary wind-
ings should be measured at the terminals. The
resistance of all auxiliary winding adjusting
resistors should be measured at the terminals of
the cables which join these resistors to the wind-
ing. In addition to the resistance, the connections
of all adjusting resistors should be recorded.

4.3 Air Gap Measurements. The measurement
of the air gaps should include a check of correct
installation of main poles, test of possible defor-
mation of bearing or bearing support, inspection
for sufficient clearance before testing, and proper
assembly of rotor with respect to stator. Dissym-
metry in main- or commutating-field pole air gaps
may cause difficulties such as excessive voltage
ripple or overheating of equalizers.

Measure the minimum air gap beneath the cen-
ter (approximately) of each main pole and each
commutating-field pole piece using a suitable
feeler gage or tapered gage to determine the gap
to at least the nearest 0.100 mm (0.005 in) for
integral-horsepower motors and to the nearest
0.050 mm (0.002 in) for fractional-horsepower
motors. All measurements should be made
between iron surfaces of the pole pieces and the
rotor. In normal practice, a common point on the
rotor is selected and the point is rotated to each
pole in turn as measurements are made.

Where apertures are not provided, the uniform-
ity of the air gap can be determined by ascertain-
ing that the rotor turns freely in the assembled
machine when wound with a wire spaced spirally
around the rotor periphery. For this test the
diameter of the wire should be at least 70% of
half the difference between the diametric dis-
tance of the main pole faces and the outside
diameter of the rotor.

4.3.1 Data Record. This procedure recom-
mends uniformity in pole identification. Main
pole No 1 and commutating-field pole No 1 shall
be either the top pole or the first pole of each
kind in a clockwise direction from the vertical
centerline above the horizontal centerline when
the machine is viewed from the commutator end.
Each main pole will be numbered starting with
pole No 1 and proceeding consecutively in a
clockwise direction.

For a machine with a vertical shaft, the No 1
pole is the first one in a clockwise direction as
viewed from the commutator end of the machine
from some designated point such as the name-
plate or direction of rotation mark. This point
should be identified on data record.
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FOR DIRECT-CURRENT MACHINES

4.4 Polarity and Impedance Drop of Field
. Coils.

4.4.1 Polarity. The polarity of the various
field windings may be determined by any of the
methods indicated below. Each field-winding
polarity should be -ascertained independently.

Polarity may be checked by means of a com-
pass while passing current through all of one
type of field coils connected in series or by
observing the attraction or repulsion between the
ends of two short, softdiron bars bridging
between adjacent pole tips.

Field coils that are constructed of large size
conductors that may be easily traced throughout
the winding may have their polarity checked by
tracing the winding and applying the right-hand
rule.

4.4.2 Impedance Drop. Since a dc resistance
test is apt to be insensitive to the detection of
variations among the field coils, an ac impedance
drop test is recommended. A coil having shorted
turns will be indicated by a low impedance when
compared to that of the other coils.

4.5 Vibration. Motor vibration caused by
mechanical or electromagnetic dissymmetry
should be measured using a low ripple source of
direct current such as a generator. Such meas-
urements are usually made at no load and at
rated speed using a half-key in the shaft exten-
sion. The frequency of vibration is related to the
speed of rotation.

On rectified power, in addition to vibration
caused by mechanical or electromagnetic dissym-
metry, vibrations may be experienced related to
the amplitude and frequency of the ripple compo-
nents of armature and field current. The power
supply used should be in accordance with 3.5.2.
Tests should be conducted at various loads over
the entire speed range of the machine including
speed control by armature voltage where applica-
ble. To differentiate between vibration due to
current ripple and that due to slot ripple or other
factors, the vibration frequencies should be
examined as the speed of rotation is changed
slowly. Natural frequencies of machine mechan-
ical parts may be excited by power supply fre-
quencies, harmonics, or sub-harmonics acting
independently or reinforced by slot ripple. Also,
measurements can be made with varying degrees
of current ripple as accomplished by the use of a
smoothing reactor or by using a low ripple
power supply, such as a dc generator. Vibration

13

IEEE
Std 113-1985

velocity is the recommended measurement quan-
tity. :

Radially- and axially-directed vibration meas-
urements should be made at the machine bearing
housing. If the bearing housings are not accessi-
ble the readings should be taken at the housing
support as near the housing as possible.

Mounting conditions will affect the vibration of
the machine. Machines provided with self-sup-
porting bases, or of the end-shield type construc-
tion, may be mounted in such a manner as to
make them independent of mounting conditions.
On large machines this becomes impractical and
experience has shown it to be unnecessary. To
obtain measurements that are as nearly as possi-
ble independent from mounting conditions, the
machine should be placed on flexible pads or
springs. These should compress by the weight of
the machine alone, in amounts not less than the
values shown below.

Speed Minimum Compression
(r/min) (mm) (in)
7200 04 %
3600 1.5 1
1800 6 i
1200 15 %
900 25 1
720 40 1%
600 55 2%

The value for minimum compression at other
speeds may be determined from the equation:

-

where

fl

k 4500 for ¢ (millimeters)
900 for ¢ (inches)

speed (r/min)

]

v

The pads or springs should be selected so that
the compression is not more than one-half of the
unloaded thickness.

4.6 Brush Setting. The best brush position for
good commutation and the desired voltage or
speed characteristics of generators or motors,
respectively, shall be determined by observation
of the machines under load. The manufacturer of
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